Results: The laryngeal tumour was smaller than colorectal. Nutritional risk concerned 9% of patients with LC, was greater than in patients with other laryngeal disorders (1.4%), and lower than in patients with CRC (37%). A Nutritional Risk Screening (NRS) 2002 score ≥ 3 was the only significant factor influencing the risk of in-hospital all-cause mortality, 14-and 30-day readmissions in patients with LC, and the risk of 14-day rehospitalization in patients with CRC.
Introduction
Malnutrition and cachexia are common disorders in patients with cancer. Among individuals with neoplasms of the head or larynx, these disorders affect about 35-50% of patients [1] . Malnutrition is an important risk factor for in-hospital mortality, rehospitalization, prolonged general inpatient hospital stays [2] , as well as the incidence of complications [1, 3, 4] . In patients treated for laryngeal cancer (LC), these complications include immunodeficiencies, poor wound healing, wound infection, anastomotic leakage, fistula, respiratory insufficiency, and sepsis. The many nutritional risk parameters (e.g. blood concentrations of albumin, prealbumin, transferrin, as well as lymphocyte count) [5, 6] , have been analyzed as factors affecting the outcomes of LC treatment, but even low body mass index (BMI) before surgery was related to poor prognosis in patients with squamous laryngeal cancer [7] and individuals with colorectal cancer (CRC) [8] . The causes of malnutrition in these patients were not only associated with cancer-related cachexia, but also to local tumour effects (e.g. pharyngeal dysphagia, odynophagia and ileus), anorexia, and alcoholism [1] . These factors may be responsible for greater nutritional risk among patients with head and neck cancers compared to neo-www.journals.viamedica.pl/medical_research_journal plasms in other localizations. To check this hypothesis, we analyzed the values of some nutritional parameters over a one-year period in patients with LC and CRC, hospitalized, respectively, in the Departments of Otolaryngology and Surgery at our hospital, and compared the nutritional risk.
Patients and methods
We performed an analysis of the medical documentation of 1,134 patients treated in the Department of Otolaryngology and 92 patients with CRC treated in the Department of Surgery between July 1 st , 2014 and June 30 th , 2015 in a university hospital. The premise for choosing CRC as the counterpart for patients with LC was that both neoplasms can affect patients' nutritional status through changes in the functioning of the alimentary tract.
The following clinical data, nutritional screening scores and nutritional assessment parameters were evaluated: age, gender, number of days hospitalized, hospitalization mode (whether urgent or scheduled), in-hospital all-cause mortality, non-elective readmission, Nutritional Risk Screening (NRS) 2002 score (a score of at least 3 points for the questionnaire indicates a risk of malnutrition), body mass, height, BMI, blood concentration of hemoglobin, total cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, glucose, albumin, C-reactive protein (CRP), and absolute lymphocyte count. All the biochemical parameters included in the analysis were the first determinations during the respective hospitalizations. The following secondary parameters were also calculated:
• an "ideal weight" was calculated according to the • an "absolute difference between the actual and ideal body weight" was calculated according to the following formula: actual body mass -ideal weight; • a "relative difference between actual and ideal body weight" was calculated according to the following formula: 100 x (actual body mass -ideal weight)/ actual body mass; • body mass deficit was defined as a negative value of the "absolute difference between the actual and ideal body weight"; • the Nutritional Risk Index (NRI) was calculated according to the following formula: NRI = 1.519 x blood albumin concentration (g/l) + 41.7 x actual body mass/ideal body mass [9, 10] ; • Onodera's (Preoperative) Prognostic Nutritional Index (OPNI) was calculated as 10 × serum albumin concentration (g/dl) + 0.005 × lymphocyte count (per mm 3 ) [11] [12] [13] [14] [15] ;
• blood CRP/albumin ratio. The above acted as nutritional screening scores and nutritional assessment parameters [2] .
The diagnosis of cancerous and non-cancerous disease in the respective patients was determined according to the ICD-10 Classification of Diseases. The LC and CRC staging was assessed according to the 7 th edition of the Cancer Staging Manual of the American Joint Committee on Cancer [16] .
Measured outcomes
The following outcomes were measured: hospital length of stay (LOS; the number of days hospitalized), in-hospital all-cause mortality, and non-elective readmission (the second and subsequent hospitalizations during the period analyzed) in the 14-day and 30-day periods following discharge.
Bioethics
The investigation was conducted in compliance with the Declaration of Helsinki for medical research.
Statistics
Statistical analysis was conducted using licensed versions of STATISTICA statistical software (a data analysis software system), StatSoft, Inc. (2017), version 13.1. The normal distribution of the study variables was checked using the Shapiro-Wilk test. The results were mainly presented as the mean ± standard deviation (SD), or n, %. The statistical significance of differences between groups was verified using the Student's t-test and Chi 2 test. Spearman rank correlation was also used. The statistical significance level was set at a p-value < 0.05. The odds ratio (OR) was defined as the odds that an outcome will occur with the association of some value of an estimated variable (a clinical or biochemical parameter), compared to the odds of the outcome occurring in the absence of that association. The OR was calculated according to the following formula: the product of the number of subjects with the measured outcome and the presence of the variables analyzed (exposed cases) and the number of subjects without the presence of the variables analyzed (unexposed non-cases) divided by the product of the numbers of exposed non-cases and unexposed cases. For this purpose, we used free statistical calculators (e.g. https://www. medcalc.org/calc/odds_ratio.php). These analyses were performed both per hospitalization and per patient. 
Results
Patients with LC were predominantly male and younger than patients with CRC but, on average, older than other patients admitted to the Department of Otolaryngology (Tab.1). The tumour size in patients with LC was lower than in individuals with CRC. The percentages of patients with the respective clinical stage of neoplasm were similar (Tab.1). The duration of hospitalization of patients with LC was similar to www.journals.viamedica.pl/medical_research_journal that of patients with CRC. In relation to nutritional risk, compared to patients with CRC, patients with LC had a significantly lower BMI value, and both a lower absolute and relative difference between actual and ideal body weight (Tab.1). They also had lower nutritional risk expressed by NRS-2002 score and a lower prevalence of an NRS-2002 score ≥ 3. However, the remaining biochemical parameters of nutritional status did not differ in patients with LC compared with those with CRC.
In patients with LC, the number of hospitalization days correlated significantly and positively with NRS-2002 score (R = 0.47; p = 0.006); however, in patients with CRC, the length of hospital stay was significantly associated with patients' age (R = 0.21; p = 0. Next, we analyzed factors influencing the occurrence of the measured outcomes (Tab.3). We found that only an NRS-2002 score ≥ 3 had a significant effect on the risk of in-hospital all-cause mortality, 14-and 30-day readmissions in patients with LC, and the risk of 14-day rehospitalization in patients with CRC.
Discussion
The main rationale for this study was to check what is more important for patients nutritional risk, tumour size or its localization. To test this hypothesis we compared nutritional risk and prevalence of measured outcomes, related to nutritional risk among patients with LC and CRC. Moreover, in order to better evaluation of the clinical importance of disease localization, we compared some clinical data between patients with LC and the other laryngeal disorders required hospitalization. This study, to the best of our knowledge, is the first comparison of parameters of nutritional screening scores and nutritional status assessment parameters between patients with LC and CRC, the sixth and the second most common cancers in the world, respectively [17] . We found that patients with LC compared to individuals with CRC had significantly lower BMI values and a non-significantly lower prevalence of body mass deficit (Tab. 1). At the same time, they had a lower nutritional risk, expressed as an NRS-2002 score, and a lower absolute and relative difference between actual and ideal body weight (Tab. 1). Only 9% of our patients with LC had increased nutritional risk expressed as a score of at least [20] . Until now, only a few authors have compared the nutritional status of patients with neoplasms in different localizations. In a study by Du et al. [21] , the proportions of patients with low blood levels of albumin, prealbumin, transferrin, red blood cells, hemoglobin and hematocrit were higher for gastric cancer than for colon cancer, which was explained by the greater susceptibility of gastric patients to malnutrition and loss of fatty tissue. It is also known that hypoalbuminemia significantly increases the length of hospital stay, rates of surgical site infections, and the risk of enterocutaneous fistula formation and deep vein thrombosis, particularly in patients with CRC [22, 23] . Moreover, serum albumin was superior to prealbumin for predicting short-term recurrence in patients with operable CRC [24] , and the morbidity and mortality rates in patients with CRC decreased by 7.3% and 15.6%, respectively, for each 0.1 g/dl increase in preoperative serum albumin level. 23 However, in our study, blood albumin concentration was similar both in patients with LC and CRC, as well as in the patients in the Department of Laryngology without a diagnosis of laryngeal cancer (Tab. 1). In our patients with LC, blood albumin concentration correlated with neoplasm stage only with borderline statistical significance, similarly to derivative composed parameters, such as the CRP/albumin ratio and OPNI (Tab. 2). The last parameter, OPNI, which is the product of blood albumin concentration and lymphocyte count [11] [12] [13] [14] [15] , linked LC with CRC because, in our patients with CRC, neoplasm advancement was associated with lymphocyte count, NRI and BMI (Tab. 2).
It is known that a patient's nutritional status, particularly malnutrition but also obesity, are common but poor prognosis factors in individuals with cancers in a number of localizations [1, 6, 20] . We also found that nutritional risk assessed using the NRS-2002 survey was related to an increased prevalence of the measured outcomes, such as patients' in-hospital mortality and readmissions (Tab. 3). This demonstrates the necessity for further studies focused on the clinical importance of nutritional status assessment in patients with LC, as well as the need to evaluate the effectiveness of nutritional support and its financial impact on health services [6] . On the other hand, it should be underlined that, other than the NRS-2002, we did not find any single parameter of nutritional status assessment which related both to LC and CRC clinical stage (Tab. 2) and could be used to predict patients' outcomes (Tab. 3). In our review of the literature, we did not find one recommended nutritional screening scores or nutritional assessment parameters dedicated to patients with LC either [5] [6] [7] ; however, for patients with CRC, the most frequently used instruments for this purpose were as follows: the NRS-2002 [18] [19] , Malnutrition Universal Screening Tool (MUST), Subjective Global Assessment (SGA) [25, 26] , Patient-Generated Subjective Global Assessment (PG-SGA), NRI, and OPNI [11-15, 25, 26] . In the study by Kwag et al. [18] , the NRS-2002 was an independent predictor of postoperative complications (OR 3.05; p = 0.045), such as anastomotic leakage and wound infection in patients with CRC.
The practical importance of our observations is that both in patients with LC and CRC, nutritional screening and assessment should be performed using more than one diagnostic tool at the same time. This approach to patient management might potentially help identify patients with an increased risk of malnutrition and postoperative complications. An increased NRS-2002 score may also identify those LC and CRC patients who might potentially benefit from nutritional support [27] [28] [29] [30] .
As with most authors, we could not avoid some methodological shortcomings that could have influenced the strength of the deductions based on our results. The main limitation is a retrospective study design based on documentation analysis, although such a study design was described previously [4] . Moreover, our sample size was small, and we observed a low number of measured outcomes. It should also be taken into consideration that the clinical outcomes analyzed might be influenced by a number of factors other than nutritional status alone, e.g. main disease and comorbidity severity, which may also bias the results obtained. Such an observation is also justified by the analysis of Table 1 , which shows an imbalance in potential confounding factors between groups, mainly concerning age, gender, and diabetes prevalence.
Conclusions
The average nutritional risk in patients with laryngeal cancer amounted to 9% and was greater than in individuals with other conditions that required hospitalization in the Department of Otolaryngology but lower than in patients with CRC (37%). Nutritional risk diagnosed in patients with laryngeal cancer had a stronger association with the prevalence of the measured outcomes (in-hospital death, the risk of 14-day and 30-day readmission, length of hospitalization) than in individuals with colorectal cancer. However, due to www.journals.viamedica.pl/medical_research_journal 
